1029-21 Cytokines and the Nitric Oxide Synthase Inhibitor, L-NMMA, Alter Chronotropic Responsiveness of Cardiac Myocytes  by Oddis, Carmine V. et al.
414A ABSTRACTS lACC February 1995
Roger J. Hajjar, Judith K. Gwathmey. Cardiovascular Diseases and Muscle Research
Laboratories and Harvard Medical School, Boston, MA
Changes in jJ-Actin mRNA Expression in a Canine
Model of Left Ventricular Remodeling
Wenda C. Carlyle, Cynthia A. Toher, Kenneth M. McDonald, Gary S. Francis, Jay
N. Cohn. University ofMinnesota, Minneapolis, MN
11030-81
11030-91 An Acute Increase In Hemodynamic Load
Produces Plasma Membrane Wounding of
Cardiac Myocytes In Vivo
Thomas A. Fischer, Paul L. McNeil', Robert Khakee " Peter Finn, Ralph A. Kelly,
Marc A. Pfeffer, Janice Pfeffer. Department of Medicine, Brigham, Boston: Women's
Hospital and Harvard Medical School, Boston, MA; 1 Department of Cellular Biology and
Anatomy, Medical College of Georgia, Augusta, GA
Increased expression of the gene coding for the cytoskeletal protein fJ-actin
has been associated with hypertrophy in different cell systems, however its
expression in cardiac tissue following myocardial injury remains largely un-
characterized. fJ-actin mRNA expression was examined in a canine model
of left ventricular damage caused by transmyocardial, direct current shock
which results in remodeling of the undamaged myocardium. Myocardial RNA
was harvested from the LV of normal, unshocked dogs and from the LV dis-
tant from the scar 24 hours, 72 hours, 5 days, 10 days and 30 days after
DC shock. Northern analysis indicated a 3-fold increase in fJ-actin mRNA ex-
pression that was sustained 5 to 30 days following DC shock. Reverse tran-
scriptase (RT) PCR was also used to examine fJ-actin mRNA expression with
primers derived from the human fJ-actin sequence. A 297 bp PCR product
was generated from amplification of normal canine LV tissue. Amplification
of LVtissue from DC-shocked animals resulted in a progressive change from
a 297 bp to a 472 bp PCR product. The ratio of 297/472 bp product was 9/1
24 hours after shock. From 3 to 5 days after shock, RT-PCR resulted in ap-
proximately equal generation of 297 and 472 bp product. Ten to 30 days
after shock the 472 bp product represented over 85% of the fJ-actin PCR
product generated. Sequencing of these PCR products confirmed that both
were closely related to fJ-actin. The observed change in fJ-actin could repre-
sent alternate splicing of a single gene or expression of two different fJ-actin
genes. Differential expression of fJ-actin mRNA in canine myocardium may
contribute-to the already documented growth of the viable myocardium in
this model.
Myocyte-derived basic fibroblast growth factor (bFGF) has been proposed
as one of several autocrinelparacrine growth factors that mediate the hyper-
trophic response to increased cardiac load. However, a linkage between a
hemodynamic stimulus and bFGF release has not yet been reported. Since
reversible plasma membrane disruption- wounding has been demonstrated
to be a possible release mechanism for bFGF in skeletal muscle, we tested
the hypothesis that membrane wounding can be detected in cardiac my-
ocytes in response to a pressure overload. In an acute rat model of aortic
banding plasma membrane wounding was analyzed by measuring the up-
take of extracellular albumin into the myocyte cytosol. Baseline systolic and
mean aortic pressures in the banded rats increased immediately from 142
± 6 to 219 ± 10 mmHg, and from 118 ± 6 to 152 ± 4 mmHg, respectively
(n = 5, p < 0.001 vs baseline). In separate experiments, analysis of hemody-
namics after banding showed a significant rise in left ventricular end-diastolic
pressure in banded rats compared to sham-operated rats (14.2 ± 1.5 mmHg
vs 2.8 ± 1.1 mmHg, n = 4, P < 0.05). One hour after banding the hearts were
perfused in situ with phosphate buffered saline, followed by formalin fixation.
Frozen sections were immunostained with a polyclonal antibody specific for
rat serum albumin, the wound event marker. Digital image analysis revealed
an excess of wounded cardiac myocytes in the pressure overloaded hearts
(45.6 ± 7.01 % vs 7.9 ± 2.5%, n = 5, p < 0.01). A trend toward a thinner left
ventricular wall (0.16 ± 0.02 vs 0.19 ± 0.02 cm, n = 3 for each group) in the
banded rats paralleled the increase in left ventricular volume, perhaps due
to profound myocyte slippage in the banded animals. These data show that
membrane disruptions occur in ventricular myocytes in vivo in response to
an acute increase in hemodynamic load and may provide a route for bFGF
release from ventricular myocytes.
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To examine the contribution of nitric oxide (NO) in myocardial reperfusion
injury, male Sprague-Dawley rats were given saline (n ~ 10),lipopolysaccha-
ride (LPS, n = 10) or the NO synthase inhibitor L-NAME followed by LPS (n
~ 51. Hearts and aortas were harvested 6 hrs later. Hearts were perfused
with buffer (6 mllmin) and subjected to total ischemia (40 min) and reperfu-
sion (30 min). Aortic rings were used to study norepinephrine (NE)-induced
contraction. Baseline force of cardiac contraction IFCC) was lower in LPS-
treated rat hearts (6.6 ± 0.4 vs 9.8 ± 0.6 g in saline-treated rats, mean ± SE)
as was the coronary perfusion pressure (CPR 43 ± 1 vs 48 ± 1 mmHg) (both
P < 0.02). Saline-treated rat hearts showed 36 ± 5% fall in FCC and a 38 ±
6% rise in CPP after ischemia-reperfusion, whereas hearts from LPS-treated
rats revealed only a 16 ± 9% fall in FCC and a 10 ± 2% rise in CPP (both P
< 0.05 vs saline-treated rat hearts). Fewer LPS-treated rat hearts developed
reperfusion arrhythmias (5% vs 58%, P < 0.02). Treatment of rats with L-
NAME before LPS 'normalized' CPP and FCC at baseline, but did not affect
the salutary effects of LPS on cardiac function after ischemia-reperfusion.
Aortic rings from LPS-treated rats showed a markedly decreased contractile
response to NE which was normalized with L-NAME pretreatment. Myocar-
dial NO release, measured as formation of nitrite, was greater in LPS-treated
rats (4.9 ± 0.3 vs 3.4 ± 0.1 nmollg, P < 0.01). Coronary effluent 6-keto-PGF,.
levels were also higher in LPS-treated rats. Thus LPS-mediated increase in
NO and PGl2 results in initial myocardial suppression (decrease in FCC and
CPP), but cardiac function is maintained during ischemia-reperfusion with
occurrence of few reperfusion arrhythmias.
We have previously reported negative inotropic effects of cytokines on pap-
illary muscles that were blocked by the nitric oxide (NO) synthase inhibitor,
L-NMMA. Others have reported an effect of NO on voltage-sensitive calcium
channels (VSCC). The spontaneous beating rates of neonatal cardiac my-
ocytes are regulated by VSCc. Accordingly, we studied the effects of these
cytokines on the spontaneous beating rates of neonatal rat cardiac myocytes
in the presence and absence of L-NMMA.
Spontaneously beating neonatal rat cardiac myocytes were cultured in
serum-free medium for 48 hrs alone, or in the presence of L-NMMA, tumor
necrosis factor-a (TNF). interleukin-l-fJ (IL-ll or interleukin-61IL-61IN = 12, for
each). Beating rates (BR) decreased from 155 ± 4 BPM to 68 ± 4 BPM after
48 hrs in serum-free medium alone. Treatment with L-NMMA, TNF, IL-l, or
IL-6 maintained BR at 115 ± 17, 110 ± 4,117 ± 17, 133 ± 22 BPM at48 hrs.
IL-4 and IL-5 failed to similarly maintain BR at 48 hrs (63 ± 7; 87 ± 19). TNF,
IL-l and IL-6 significantly blunted the positive chronotropic effect of the fJ-
adrenergic agonist isoproterenol 110-9-1 0-7M) (p < 0.05; ANOVA; N ~ 12).
L-NMMA did not reverse these chronotropic effects of cytokines. These re-
sults support an NO-independent chronotropic effect of cytokines on neona-
tal cardiac myocytes. Cytokines and L-NMMA may regulate a shared signal
transduction pathway involving VSCc.
Both cAMP and cGMP dependent protein kinases phosphorylate the same
sites on troponin I. We tested the effects of 8-bromo-cGMP (8bcGMP) in
electrically driven trabeculae (TRA) stimulated at 1 Hz at 37'C and in skinned
fiber preparations (SFP, 22'C) from non-failing (NF, n = 8) and failing human
hearts (F) (n = 6, NYHA IV). 8bcGMP (0.1 mmol/l) decreased force of con-
traction (FOC) by 16.3 ± 4.1 % in NF and by 26.1 ± 5.5% in F, and reduced
time to 80% relaxation ('so'/o) by 20.3 ± 5.1 % in NF and 28.6 ± 6.2% in F
TRA. In SFP, 8bcGMP shifted the force-[Ca2+j relationship towards higher
[Ca2+] by 0.22 ± 0.08 ILmolll in NF and 0.24 ± 0.07 ILmolli in F The addition
of 0.1 mmollL 8bcGMP to isoproterenol (1 ILmolll) pretreated TRA had no
effect on FOC or 'SO%. Dibutyryl cAMP (10 ILmolll) shifted the force-[Ca 2+]
relationship towards higher [Ca2+] by 0.27 ± 0.09 ILmolli in NF and 0.26 ±
0.06 mu;molll in F SFP. The addition of 8bcGMP to dibutyryl cAMP did not
further decrease the sensitivity of the myofilaments to Ca2+ in SFP. Conclu-
sions: 1) cGMP enhances relaxation in human myocardium by reducing the
sensitivity of the myofilaments to Ca2+ and 2) cGMP may have therapeutic
benefits by improving relaxation in failing hearts.
